Received for publication July 24, 1954. TUMOURIGENESIS in guinea-pigs due to ovarian fragmentation, or subtotal castration, i.e. removing one entire ovary and reducing the amount of the second ovary to a small fragment, has been reported years ago (Lipschutz, 1936a (Lipschutz, , 1937 (Lipschutz, , 1938 . In experiments lasting 30 months or more various types of atypical growth occurred: large polyps flUing the uterine cavity, deep penetration of the proEferated uterine glands, epithehoma of the cervix. This kind of tumourigenesis has been recognized as due to the failure of the ovarian f-ragment to control hypophysial gonadotrophic function. This conclusion was reached when examining the histological condition of the ovarian fragment which may contain luteic cysts (Lipschutz and Voss, 1925 ; Lipschutz, 1931) ; there was correspondingly an increased content of gonadotropic hormones in the pituitary of operated animals (Lipschutz, 1936b) .
Later on various authorities have given additional evidence that tumours originate in guinea-pigs with ovarian fragmentation. LTterine fibromyoma (Morato', 1941) , intestinal fibroma or desmoid (Nadel, 1949) subserous adenomyoma of the uterus (Ponse and Dovaz, 1950; Bruzzone, 1950) and cystic structures probably of Wolffian origin (Ponse and Dovaz, 1951) have been described.
The failure of the ovarian fragment to control the hypophysis is most probably due to an impairment of its blood supply as shown by work in the rat (Fels, 1942 ; Navori, Fugo and Davis, 1952) , and in the guinea-pig (Fels, 1947) . The functional condition of the fragment has been discussed more fuRy elsewhere (Iglesias, Mardones and Lipschutz, 1953b) .
One of the most striking aspects in work with ovarian fragmentation was the extraordinary variability of the genital and extragenital tumoural responses. The present work was undertaken (by S. B.) with the purpose of accumulating new evidence as to this in experiments lasting up to 45 months.
Ovarian fragmentation (subtotal castration) was performed in 12 animals of niore than 700 g. and in 5 animals of 500 to 590 g. only. Weight or age is of importance in this kind of experiment ; with yo'ung ammals there is a considerable latent time before any derangement of the sexual cycle begins (Lipschutz, 1938) . In 3 animals (I/ 1 6, V /15, XIII /21) bflateral fragmentation was performed so as to diminish the number of those cases in which the experiment fails due to degeneration of the fragment. The fragment was of the hilus of the ovary.
The condition of the ovarian fragment.
In 3 out of 17 cases we failed to recuperate ovarian tissue (VIT/38, X/35, XVI/8). In these animals only Wolfflan structures as the ovarian rete and large cysts were found, together with some remains of the ovarian stroma. In 6 oiit of the remaining 14 animals in which follicular structures were present, the ovarian fragment offered full evidence of an abnormal hypophysial activity. Haemorrhagic foRicles were found in 2 animals (1/16, XIII/21); luteic cysts in 3 other animals (IV/ 1 4, XIV / I 0, XV /7) in 1 of these animals (XV/7) the luteic cyst was an haemorrhagic one. The presence both of haemorrhagic follicles and luteic cysts is a secure proof of an ovarian-hypophysial imbalance. It is the same with another phenomenon which deserves considerable interest: a locahzed reaction on the part of the germinal epithelium which was found in XIV/10 and XVIII/9 ( Fig. 1, 2 ). It may be compared to what has been seen formerly, though in one animal only, witli intrasplenic ovarian grafts (Iglesias, Mardones and Lipschutz, 1953a, Fig. 20) .
In Fig. 3 ), similar to that described formerly by our group in intransplenic ovarian grafts (Iglesias, Mardones, Bruzzone and Lipschutz, 1953 ;  Iglesias, Mardones and Lipschutz, 1953a) . A similar tumoural structure was found, in one of these animals, also in the meso of the tube (XII/23,; Fig.4 ). The condition of the uteru8.
Uterine weight.-Though the uterine weight varied greatly, it was in about onehalf of the animals considerably larger than in normal females. NVhen omitting the 4 animals with a degenerated fragment and 1 animal with the enormous uterine weight of 12-7 g., the average was, in 10 animals, of 1-9 g. This is twice the normal weight and indicates prolonged oestrogenic action.
Cy8tic glandular hyperplwia, which in similar experiments has been reported already by Burch, Wolfe and Cunningham, (1932) and by our group (Lipschutz and Osnowikoff, 1932; Lipschutz, 1937) was present in no less than 12 animals of the present series. In most of these animals there was also a dilatation of the blood vessels of the submucosa. Sub8erou8 adenofibromyoma.-In 8 animals uterine glands were found in the myometrium or undemeath the serosa. In general a cluster or small nodule of glands was present in, or beneath, the circular muscle layer. In severAl of these cases penetration of glands was so considerable that subserous adenofibromyoma was produced (Fig. 5, 6, 7 ). In one of these adenofibromyomata the muscular tissue predominated (Fig. 6 ). There may be more than one adenomyoma on the same uterine bom ( Fig. 5 and 6 ). It was remarkable that the epithehum of the glands of the adenomyoma was cubical and strikinglv different from that of the glands of the submucosa (Fig. 8, 9 ). This pecuharity had already been noted in the glands which penetrated into the myometri-tim. Many of the glands of the adenofibromyoma or adenomyoma were diste-nded.
Of considerable interest were 2 animals in which there were subserous nodules constituted of fibrous tissue with a scarcity of ceRs and with a small number of tubular structures (Fig. 10 ). Probably one is not far wrong in interpreting these nodules as adenofibromyomata which have degenerated.
Polyps.-Notable is the " vascular " polyp present in an animal necropsied two years after operation (Fig. I 1) (Fig. 12) . The endometrium on the surface of the growth is flattened, or has disappeared. The whole growth consists of crowded glands with very Ettle connective tissue between them. Many of the glands are shghtly enlarged and deformed ( Fig. 13, 14) . The cells are cubical, as are those of the glands in the submucosa opposite the polyp. But their spherical nuclei are denser; they are poorer in protoplasm than the normal glands (Fig. 15, 16 ). An anaplastic transformation of'the glandular epithelium has taken place. Thanks to the glands being crowded, one close to the other, and thanks to the nuclei being denser, the growth appears with Van Gieson stain almost black. No mitoses were found.
The carcinomatous growth in XVI/8, necropsied at 45 months, may be compared to the picture in IV/14, necropsied at 24 montbs. Part of the submucosa is occupied by a large nodule of crowded glands which appear darker than the rest of the uterine waR (Fig. 17) . The nodule is not sharply dehmited from the surrounding tissue; however, the difference between the glands of the nodule and those -scattered in the submucosa is already striking and can be recognized even at small magnification, thanks to the dark colour of the nodule, though, indeed, the nuclei are not so dense as in XVI/8. The endometrium above this group, or nodule, is flattened.
A glance at the preparations of the uteri of IV/14 (Fig. 17) and XVI/8 (Fig. 12) convinces one that the superficial nodule of the first is a precursory stage of the second. The comparison between both also gives evidence that in XVI/8 we are not dealing with an adenomatous polyp as formerly described in similar animals (Lipschutz, 1937) and as found also in some animals of the present series. The growth originates, as shown in Fig. 17 , in the submucosa without notably changing the contours of the uterine cavity ; only subsequently when thickened it protrudes into t-he latter.
A third case of great interest is IX/27, of about 33 months. In the left hom a localized enlargement was found (Fig. 18) . The whole uterine cavity of the enlarged part was occupied by the growth attached to the uterine wall with a very large base (Fig. 19 ). Beneath the growth no glands are present in the submucosa, wliereas opposite the growth some glands are to be found in the highly vascularized submucosa. In the neighbourhood of the growth the endometrium has disappeared. The growth is composed almost entirely of uterine glands very often distended and of irregular shape (Fig. 20) ; the distortion of the glands is more pronounced than in XVI / 8 (Fig. 14) . The growth is divided into lobules by fibrous trabeculae rich in blood vessels (Fig. 21 ). There is amidst the glandular structures also a sohd mass of cells (Fig. 22) , which in afl probabihty are derived from the submucosa, as wfll be discussed in greater detail later on.
The superficial glandular masses are frequently in a state of necrosis ; glands, ceRs with pycnotic nuclei and leucocytes fill the smaR space of the uterine cavity left free between the various parts of the growth. Fibrous tissue may also be present at the surface of the growth (Fig. 22) .
At necropsy the growth seemed to be quite locahzed (Fig. 19 ). But microscopical examination revealed that the adenocarcinomatous condition extended over almost the whole uterus, and not only over the left but also over the right hom. Indeed, it nowhere reached the same degree as in Fig. 19 , i.e. of a large growth distending the uterus. The difference between the glands of the smaR nodules and normal glands here also was very stHking.
When comparing the condition in XVI/8 and IX/27 with that of the initial stage in IV / 14 (Fig. 17) one may say that evolution was on three lines : (1) multiplication of glands ; (2) more marked anaplasia of the cells ; and (3) sometimes encapsulation of individual nodules which become surrounded by connective tissue of the submucosa free of glands.
Another important point has to be mentioned whereas carcinomatous growth in IV/14 and XVI/8 was unifocal it was multifocal in IX/27. There were not only several nodules located nearby as in Fig. 19 ; there were also nodules at a distance in the same left horn and in the, right one (Fig. 23) . A very striking example. of multifocal growth in the same animal JX/27) is offered also by the adenocarcinomatous nodule located in the cervix of one of the two horns, just before the cervices unite in the common cervix (Fig. 24 There is, first, the difference between the epithehum of the endometrium or its glands on the one'hand and that of t-he tubular or glandular structures of the growth, on the other hand. In XVII /9 there was, at the moment when the animal was necropsied, fuR oestrogenic activity : the vaginal mucosa was in oestrous. Correspondingly, the epithehum of the endometrium (Fig. 27 ) and its glands (Fig. 28) was a high cylindrical one. On the contrary, the epithelium of the tubular or glandular structures of the growth (Fig. 29) A second point already referred to when discussing IX/27 was the presence of solid cords. These are of a much greater extent in XVII/9 (Fig. 30, 31 ). The solid cords occupy here a considerable part of the growth. They originate, as already mentioned, from the ceRs of the submucosa; similar ceRs were present in the submucosa also in the initial stage JV/14). Extra-uterine tumours in guinea-pigs with ovarian fragmentation have already been reported (Nadel, 1949 ;  Ponse and Dovaz, 1950, 1951 (Fig. 4) . This extra-ovarian Brenner nodule has already been referred to above when describing the condition of the ovarian fragment which also contained a Brenner nodule. In the same animal there was also a Wolffian cyst in the parametrium. (Fig. 32) . Structurally the tuniour in this anoestrous animal was similar to oestrogen-induced fibroids after withdrawal of oestrogen (Lipschutz, 1950, p. 164 (Fig. 37, 40, 41 ). Normal pelvic mucosa and submucosa are still present around the tumour, in a limited area. Layers of the mucosa are superimposed on a tissue composed of cells with dense nuclei (Fig. 38, 39 ). The question arises whether these cells have orginated from. the mmeosa or from the submucosa; the first is the more probable.
On the surface the cells sometiines forni tubular structures which may be also cystic (Fig. 3,S) ; solid cords of cells or tubules witli a stratified epithelium deeply penetrate the growth (Fig. 42, 43 ). In the deeper part of the submucosa the tissue is loose and contains many spindle shaped nuclei (Fig. 44, 45 ). The part of the tumour which fills the ureter is lobulated ; on the surface it consists of ce.dematous connective tissue witli scattered clusters of cells (Fig. 40) ; at other places the ttimour is solid (Fig. 41) Fig. 18 , IX/27. Fig. 33 to 35 . Part of the gland shows cells similar to those of the endometrium (Fig. 33 ) whereas another part of the same gland is constituted of anaplastic glands similar to those in Fig. 34 A second aspect of interest is the probabihty that the adenofibromyoma ehcited by the protracted action of oestrogen is reversible. There were 2 animals (VI/3 2 and XI/ 1 8) with an endometrium of the castrate type, and in these animals bodies attached to the uterus were found which were most probably involuted adenofibromyomata (Fig. IO) . This, indeed, is only a tentative explanation. But in its favour was the castrate condition of the uterine and vaginal epithehum in both these animals, and the involution of the mammary glands. The fibrous mesenteric tumour in one of these animals ( 'XI/ 1 8) was of the desmoid type, and fibroblasts characteristic of the growing oestrogen-induced fibroid (Lipschutz, 1950, Fig. 10 ) were absent.
Of considerable interest is the new and unexpected finding of uterine adenocarcinoma which was in full development in 3 animals, and in an initial stage in one animal. Like the adenomatous polyp, this adenocarcinoma has no tendency to penetrate into the myometrium. Metaplasia of the endometrium ehcited by the prolonged action of oestrogen has been described in the guinea-pig (Lipschutz 1950, Fig. 62 ) and other species by various authorities; it has been seen also in guinea-pigs with ovarian fragmentation (Lipschutz, 1937) . But never before have we seen in experiments with ovarian fragmentation an anaplastic condition similar to that of Fig. 15 and 29 of the present series. Scattered groups of anaplastic glands were found also in 2 other animals (1/16 and XIV/10), though the anaplasia was not of the same degree as in XVI/8, IX/27 and XVII/9.
We have now to discuss the question whether the adenocarcinoma was due to oestrogen acting in the body of our animals with ovarian fragmentation. An anaplastic condition of the glands (Fig. 33-36 ), similar to that of adenocarcinoma in the present work, a condition so different from that of normal uterine glands subject to the action of oestrogen, has been observed, though only once, in a series of castrat'ed animals with the absorption, from a subcutaneously implanted pellet, of smafl quantities of oestrogen during more than 16 months (experiments in collaboration with A. Riesco; Lipschutz, 1950, p. 
84).
We must now discuss the condition of the ovarian remnant in the 4 animals witb uterine adenocarcinoma including the initial stage. The findings were rather conflicting. Large Graafian folhcles were present in XVII/9, but in 2 other animals they were small or atretic JV/4, IX/27) However, the fact that in the present series luteic cysts or haemorrhagic folhcles were found in no less than 5 or 6 animals is sufficient to warrant the assumption that there was abnormal hypophysial activity also in the 4 cases with uterine adenocarcinoma as it generaRy occurs in ovarian fragmentation in the guinea-pig (see discussion in Iglesias, Mardones and Lipschutz, 1935b ). An abnormal hypophyseal activity is also evidenced in XVII/9 by the extraordinary condition of the germinal epithelium (see Section " Ovarian Fragment "), and Eke-wise by the masculinization of the genital region in 3 animals JV/4, XVI/8 and XVII/9); there was growth of the chtoris and of homy styles as present in the male (simidar findings in Lipschutz, 1938) . No more than that can be said at the moment with reference to the hormonal dynamics of the adenocareinomatous growth in the uteri of our animals.
There is another very relevant question. Our experimental animals were an aged animals. At necropsy none was less than 3 years old; the 3 aniinals with highly developed uterine adenocarcinoma (XVI/8, IX/27 and XVII/9) were certainly 4 to 5 years old. One niay ask whether a similar tumourat growth may occur in non-operated old guinea-pigs. But even should it be so this would not be contrary to the assumption that a hormonal imbalance is at the root of this kind of uterine tumourigenesis.
As already insisted upon, superficial uterine adenocarcinoma as in our 4 animals, without penetration into the myometrium, has not been seen in our former work with ovarian fragmentation or in that of other authorities who used the same method. There is the possibility that genetic conditions are responsible for the variable results.
When dealing with uterine adenocarcinoma in our guinea-pigs (Table III) it is of interest to note the fact that a superficial layer of adenocarcinoma with httle penetration into the muscle is not unusual in women (Wilhs, 1948 ; p. 536) multifocal origin as in IX/27 and XVII/9 probably also occurs in women.
The ovarian nodule of the Brenner type found in XII/23, IX/27 and XVII/9 is identical with that we have described in intrasplenic ovarian grafts in the same species (Iglesias, Mardones, Bruzzone and Lipschutz, 1953 ; Iglesias, Mardones and Lipschutz, 1953a) . A similar tumoural response of ovarian structures has already been seen in former work with ovarian fragmentation (Lipschutz, 1938 ; 1950, p. 
223).
A quite unexpected finding was the large tumour of the renal pelvis and the excrescences of the mucosa of the ureter. The structure of this growth reminds one of the pap-i'llary carcinoma of the renal pelvis in man as pictured by Anderson (1948, p. 662 ). But we do not dare yet to classify the tumour found in our present work. Carcino-sarcoma may be the appropriate name; it seems very Ekely that it originated from the mucosa of the pelvis. We may remember that prohferation of the epithehum of the urinary tract subject to the action of oestrogen is a well known phenomenon and has more recently attracted attention also in clinical work (Del Castillo and Argonz, 1953) . In the same animal there was also a huge uterine polyp descending into the vagina. The ovarian remnant contained a haemorrhagic foRicle.
SUMMARY.
Guinea-pigs with ovarian fraamentation, or subtotal castration, were necropsied about 2 to 4 years after operation.
The condition of the ovarian fragment gave fuR evidence that an ovarian-hypophyseal hormonal imbalance had taken place. Among 17 animals there were 2 with haemorrhagic follicles and 3 with luteic cysts, one of which was haemorrhagic. In 2 animals there was locahzed hyperplasia of the germinal epithehum.
Most of the ovarian fragments contained Wolffian cysts; in 3 animals the fragment contained smaR tumours of the Brenner type.
In several animals the fragment contained an abundance of follicular clusters originating from smaR atretic folfcles.
As in former experiments with ovarian fragmentation cystic glandular hyperplasia occurred, with considerable vascularization of the tunica. In several animals polyps of the endometrium filled the uterine cavity and in I animal the polyp prolapsed into the vagina. Glands penetrated deeply into the myometrium.
In 2 animals large subserous adenofibromyomata were found. In 2 other animals there were subserous nodules which were seemingly involuted adenofibromyomata. 
